We examine whether liquidity is priced in corporate yield spreads. Using a battery of liquidity measures covering over 4000 corporate bonds and spanning investment grade and speculative categories, we find that more illiquid bonds earn higher yield spreads; and that an improvement of liquidity causes a significant reduction in yield spreads. These results hold after controlling for common bond-specific, firm-specific, and macroeconomic variables, and are robust to issuers' fixed effect and potential endogeneity bias. Our finding mitigates the concern in the default risk literature that neither the level nor the dynamic of yield spreads can be fully explained by default risk determinants, and suggests that liquidity plays an important role in corporate bond valuation.
Introduction
A number of recent studies (Collin-Dufresne, Goldstein, and Martin, 2001 , and Huang and Huang, 2003) indicate that neither levels nor changes in the yield spread of corporate bonds over treasury bonds can be fully explained by credit risk determinants proposed by structural form models. Illiquidity is acknowledged as a possible explanation for the failure of these models to more properly capture the yield spread variation (Longstaff, Mithal, and Neis, 2004 ). Yet much of the current literature abstracts from liquidity's influence (Elton, Gruber, Agrawal, and Mann, 2001), focuses on aggregate liquidity proxies (Grinblatt, 1995, Duffie and Singleton, 1997 , Collin-Dufresne et al., 2001 , and Campbell and Taksler, 2003) or simply assumes that the unexplained portion of the yield spread is liquidity based (Duffee, 1999) . This paper attempts to fill this void by comprehensively assessing bond-specific liquidity for a broad spectrum of corporate investment grade and speculative grade bonds and by examining the association between bond-specific liquidity estimates and corporate bond yield spreads.
The notion that investors demand a liquidity premium for illiquid securities dates back to Amihud and Mendelson (1986) . Lo, Mamaysky, and Wang (2004) further argue that liquidity costs inhibit the frequency of trading. Because investors cannot continuously hedge their risk, they demand an ex-ante risk premium by lowering security prices. Therefore, for the same promised cash flows, less liquid bonds will be traded less frequently, have lower prices, and exhibit higher yield spreads. Thus, the theoretical prior is that liquidity is expected to be priced in yield spreads. We investigate bond-specific liquidity effects on the yield spread using three separate liquidity measures. These include the bid-ask spread, the liquidity proxy of zero returns, and a liquidity estimator based on a model variant of Lesmond, Ogden, and Trzcinka (1999) . We find that liquidity is indeed priced in both levels and changes of the yield spread.
Contemporaneous studies by Longstaff et al. (2004) and Ericsson and Renault (2002) also relate corporate bond liquidity to yield spreads. However, Longstaff et al. (2004) focus only on 68 issuers that have liquid default-swap trading data, leaving some doubt as to the generality of the results for the larger universe of corporate bonds. Ericsson and Renault (2002) focus on a theoretical model and they simply use a new issue dummy as their empirical bond-specific liquidity measure. However, this liquidity proxy will not shed light on the liquidity difference spanning corporate bonds, nor provide liquidity measures for more mature bonds. We provide extensive bond-specific liquidity measures for over 4000 corporate bonds spanning investment and speculative grade categories over a nine year period allowing for a more comprehensive assessment of the relation between liquidity and yield spreads.
Historically, the lack of credible information on spread prices 1 or bond quotes has been a major impediment in the analysis of liquidity (Goodhart and O'Hara, 1997) and liquidity's impact on yield spreads. We employ Bloomberg and Datastream to provide our three liquidity estimates. Among them, the bid-ask spread is arguably the most demonstrable measure of liquidity costs, while the percentage of zero returns is increasingly used as a liquidity proxy in a host of empirical studies. 2 Despite the clear intuition surrounding the zero return proxy, it is a noisy measure of liquidity, since it is the combination of a zero return and the simultaneous movement of bond price determinants that more properly estimates liquidity costs, not the lack of price changes per se.
To more properly capture this notion, we employ the limited dependent variable model proposed by Lesmond, Ogden, and Trzcinka (1999) (hereafter, LOT) to obtain an alternative liquidity estimate. 3 The premise of the LOT model is that, while the true value of the bond is driven by many stochastic factors, measured prices will reflect new information only if the information value of the marginal trader exceeds the total liquidity costs. This implies that a liquidity cost threshold exists for each bond, which is equivalent to the minimum information value for a trade. Within the liquidity cost threshold, the probability of observing a zero return is higher than outside the liquidity cost threshold. We use a maximum likelihood method to jointly estimate the risk factors related to market-wide information and the upper and lower liquidity thresholds that, taken as a whole, represent round-trip liquidity costs.
We find a significant association between corporate bond liquidity and the yield spread with each of the three liquidity measures. Depending on the liquidity measure, liquidity alone can explain as much as 7% of the cross-sectional variation in bond yields for investment grade bonds, and 22% for speculative grade bonds. Using the bid-ask spread as the measure, we find that one basis point increase in bid-ask spread is related to 0.42 basis point increase in the yield spread for investment grade bonds, and 2.30 basis point increase for speculative grade bonds.
Using either the bid-ask spread or the LOT estimate, the liquidity effect remains significant even after we control for general yield spread factors such as credit rating, maturity, and the amount outstanding; the tax effect (Elton et Extending the study to changes in yield spreads, we again find a liquidity influence. Under all three liquidity measures, an increase in illiquidity is significantly and positively associated with an increase in yield spreads regardless of controlling for changes in credit rating, macro-economic influences, or firm-specific factors.
This paper contributes to the growing debate over bond market liquidity and corporate yields. First, in the credit risk literature, it is common to assume that the yield spread, as a whole, represents default risk. Practitioners frequently draw conclusions regarding default probability from yield spreads. Our findings imply that this approach is inappropriate, as the liquidity component in the yield spread is not directly related to default risk. Our results also mitigate the concern that the yield spread overstates the default probability (e.g., Elton et al., 2001, and Huang and Huang, 2003) . Additionally, the high consistency between the traditional model-independent measure, the bid-ask spread, and the model-dependent measure, the LOT estimate, suggests that the latter, making use of return data only, can be an effective tool in bond liquidity studies. This is particularly meaningful for illiquid bonds where the lack of liquidity-related information is common.
The paper is organized as follows. Section 1 introduces the liquidity measures and their summary statistics. Section 2 presents model validation tests, the consistency among the liquidity measures, and initial tests on the relation between liquidity and the yield spread.
Section 3 studies the relation between liquidity levels and yield spread levels. Section 4 presents test results of changes in liquidity and changes in the yield spread. Section 5 concludes.
Liquidity Measures
The literature provides a menu of measures for estimating liquidity. The most demonstrable measure is the bid-ask spread, but the spread is not always available for all bonds or for all time periods. This is especially true for thinly traded bonds or off-the-run bonds. Additionally, because our data is hand-collected, our quote information is gathered only on a quarterly basis resulting in a less precise measure of liquidity. This is especially true if only a single quarterly quote is available for the bond over an annual trading period. A potential theoretical drawback of the LOT model is that it requires a return generating model for bonds which the literature has yet to definitively prescribe. A practical limitation
is that the LOT model requires some zero returns to estimate liquidity's effect on the price.
For on-the-run bonds or bonds offered mid-year, the sequence of prices may not reveal any zero returns invalidating the LOT estimate. Conversely, too many zero returns (i.e. greater than 85% over the estimation period) also makes this measure inestimable. However, both the zero return liquidity proxy and the LOT liquidity measure are presumed to be positively related to the bid-ask spread.
Because of the strengths and weaknesses of each measure, we employ all three estimators to determine the relation between corporate bond yield spreads and liquidity. This will not only increase robustness, but also shed light on the relative power of each liquidity measure. If we find that all three liquidity measures lead to consistent inferences, then we can take comfort in using the other two measures in situations where the bid-ask spread is not available. Bekaert et al. (2003) is a case in point when they study the equity liquidity in emerging markets. Bloomberg Generic Quote which reflects the consensus quotes among market participants.
The bid-ask spread

The percentage zeros and the LOT model
The LOT measure of informed trading utilizes only daily bond returns to estimate bond-level liquidity costs. The effect of liquidity is observable through the incidence of zero returns.
Datastream is used to provide prices, which, in turn, uses Merrill Lynch as the data source for the price across all market makers for the bond. This feature will underestimate the number of zero returns for each bond issue as the probability of observing a zero return is decreasing with increasing numbers of market makers. Given that our model is predicated on days with no price changes, we will understate our estimate of bond-specific liquidity costs, biasing against our liquidity hypothesis. We choose the start date of 1995 since daily prices are more regularly available through Datastream only after 1995. The data span a nine-year period ending in 2003.
We record the clean, non-matrix price of each bond on a daily basis, deleting prices that deviate more than 50% from the prior day's price. We separate the data into bond-years; that is, using daily data for each bond within each year, we jointly estimate the bond's return generating function and liquidity costs applicable to that year. This allows time-series variations in the bond liquidity estimates to be adequately represented.
To price corporate bonds, we extend the Lesmond et al. (1999) methodology to a two-factor model. (Appendix A shows the theoretical basis for this approach.) The two factors are the interest rate and the equity market return, reflecting the fact that a corporate bond is a hybrid between a risk free bond and equity. Following Jarrow (1978), we scale all risk coefficients by duration to obtain stable estimation coefficients. The return generating process is then given as:
The term R * j,t represents the unobserved "true" bond return for bond j and day t that investors would bid given zero transaction costs. ∆R f t is the daily change in the ten-year, risk-free interest rate. Following Cornell and Green (1991) , ∆S&P Index is the daily return in the Standard & Poor's 500 index.
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Amihud and Mendelson (1986, 1987) develop a framework in which the intrinsic value of a firm differs from its observed value. Amihud and Mendelson (1986) attribute this difference to a liquidity premium that requires higher cost assets to be priced lower to compensate investors for liquidity costs. Extending Amihud and Mendelson (1986) to fixed income securities, liquidity effects on bond returns can be stated as:
where R j,t is the measured return, α 2,j is the effective buy side cost, and α 1,j is the effective sell side cost for bond j. Thus, the desired return and the measured return are related, but only after taking transaction costs into account. The effect of liquidity on bond prices is then modeled by combining the objective function with the liquidity constraint as:
where:
The resulting log-likelihood function is stated as:
where Φ i,j represents the cumulative distribution function for each bond-year evaluated at (α i,j − β j1 Duration j,t * ∆R f t − β j2 Duration j,t * ∆S&P Index t )/σ j . 1 (region 1) represents the negative nonzero measured returns, 2 (region 2) represents the positive nonzero measured returns, and 0 (region 0) represents the zero measured returns. Maddala (1983) and Lesmond et al. (1999) outline the estimation procedure.
For purposes of liquidity estimation, we focus only on the α 2,j and α 1,j estimates. Taken in difference form, α 2,j − α 1,j , represents the liquidity effects on bond returns related to round-trip transaction costs. Implicitly, our model assumes that information motivates trade in bonds and that information is efficiently impounded into bond prices. This assumption finds support from Hotchkiss and Ronen (2002) who conclude that the informational efficiency of bond prices is similar to that of the underlying equity. The marginal trader is assumed to assess the value of information before deciding to trade relative to the expected liquidity costs. The marginal trader with the highest net difference between the value of information and transaction costs will drive price movements. 5 We do not impose any particular assumptions on whether the marginal investor possesses public or private information; rather, we assume that prices should rationally reflect the costs of trade relative to the information value of the trade. Unanticipated public information, noise trades, or trades of idiosyncratic nature will not be priced in a rational asset pricing framework and will only be captured, on average, in the error term.
Yield spreads and corporate information
We examine over 4000 U. The LOT model is consistent with the Kyle (1985) model. Specifically, Kyle assumes that the market maker is risk neutral and allows for the market being composed of three trader types: informed, uninformed, and the market maker. The LOT model is predicated on trades made by the marginal trader who could be informed, uninformed, or even the market maker. 6 We collect the operating income after depreciation (item 178) and the interest expense (item 15) to determine equity volatility is estimated using 252 daily returns (from the CRSP file) for the year prior to the bond liquidity estimate. The bond volatility is estimated similarly using bond prices. Table 1 contains the summary statistics segregated by maturity levels and credit ratings.
Preliminary Findings
Summary statistics
Within each panel there are two sets. The first set relates all the bond information for a matching sample of zero returns and the LOT estimate, while the second presents information for a matching sample of zero returns, the LOT estimate and the bid-ask spread. Several observations are apparent. First, liquidity costs are demonstrably higher for speculative grade bonds than for investment grade bonds. In particular, we observe a significant increase in the percentage of zero returns and the size of the LOT estimate of liquidity while moving from investment grade to speculative grade bonds. This is matched with a similar increase in the bid-ask spread. 7 Not surprisingly, yield spreads also increase markedly across these bond categories. For the matched sample of all three liquidity measures, the trend of each liquidity measure appears to match the underlying credit rating. Namely, for investment grade bonds, moving from AA bonds to BBB bonds we observe increasing transaction costs. However, for speculative grade bonds, the trend of increasing liquidity costs with decreasing credit worthiness, the pre-tax interest coverage. For the operating income to sales we collect the firm's operating income before depreciation (item 13) divided by the net sales (item 12). We use two definitions for debt: total long-term debt (item 9) divided by total assets (item 6), and total long-term debt plus debt in current liabilities (item 34) plus short-term borrowings (item 104) divided by total liabilities (item 181) plus market capitalization. 7 We emphasize that, while the general trends are similar, the LOT liquidity costs do not necessarily need to agree with the bid-ask spread in magnitude. The LOT estimates are derived from the investors' trading decision, which incorporates all relevant liquidity related costs. The marginal traders' reservation price will then reflect all these relevant costs which could include commission costs, credit spread costs, and search costs, in addition to the bid-ask spread.
is only observed for the LOT measure and the bid-ask spread. The percentage of zero returns appears to be a weaker proxy for liquidity.
Second, liquidity costs increase moving from short to long maturity bonds, consistent with an investment horizon argument offered by Amihud and Mendelson (1991) or the return volatility arguments of Chakravarty and Sarkar (1999) .
Finally, yield spreads generally increase (decrease) with maturity for investment (speculative) grade bonds. Merton (1974) shows that corporate yield spreads can either increase or decrease with maturity depending on the risk of the firm. Investment grade issuers face upward sloping yield spreads while speculative grade issuers face flat or downward sloping yield spreads.
Helwege and Turner (1999) find that within the same speculative credit rating category, the safer firms tend to issue longer term bonds, which causes the average yield spread to decline with maturity.
Model validation
Even though the proportion of zero returns and the LOT estimate both stem from the premise that liquidity costs inhibit trade, the LOT estimate is a less noisy measure because it incorporates the covariation between the zero returns and the market movement of the bond price determinants. To verify this point, we first perform a model specification check, by investigating whether the LOT model helps to recover intuitive beta coefficients on the systematic risk factors. These coefficients are then compared to a naive asset pricing model without liquidity cost considerations.
If the model is correctly specified, we would expect several patterns to appear. First, the interest rate coefficient should be negative. However, moving from high-grade to low-grade bonds, this relationship is expected to become weaker (Schultz, 2001 ). Second, the equity return coefficient should be positive for low-grade bonds (Cornell and Green, 1991) . Intuitively, a positive equity return, signaling an improvement in the firm's business operation, will have a positive effect on the bond return. However, the effect of the equity return on high-grade bonds is not clear. On the one hand, a positive equity return might increase bond prices, as in the low-grade bond case. On the other hand, the positive equity return might be caused by capital flows from the corporate bond market into the equity market, in which case a negative return on corporate bonds is expected.
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The estimation results are summarized in Panel A of Table 2 . A comparison of the LOT results with those of the naive OLS model provides a clear indication of the influence that zero returns have on the estimation results. The LOT model's interest rate estimates are mostly negative and significant, while the interest rate influence is decreasing with decreasing bond ratings, all as expected. In sharp contrast, the naive OLS model produces interest rate estimates that are largely insignificant from zero. In addition, the interest rate effect has no apparent trend with bond rating, contrary to common beliefs.
The falloff in interest rate influence for the LOT model is offset by a concomitant increase in the S&P500 equity return influence, especially for speculative grade bonds. Also evident is the switch in sign for the S&P500 coefficient from investment grade to speculative grade bonds.
This would indicate that signaling effects prevail in the case of speculative grade bonds, while substitution effects prevail for investment grade bonds. Similar, but more muted patterns are apparent for the naive OLS model's estimates.
Bid-ask spread tests
We provide further evidence on the consistency of the three liquidity measures. In particular, we regress the bid-ask spread separately on the other two liquidity measures controlling for other liquidity determinants as follows:
The subscript "it" refers to bond i and year t. Liquidity refers to either the proportion of Table 2 presents the results.
For investment grade bonds, the LOT liquidity estimate alone explains 6.39% of the cross-sectional variation in the bid-ask spread, while the percentage of zero returns explains 6.82% of the cross-sectional variation in the bid-ask spread. In comparison, Schultz (2001) reports an R 2 of 3.43% in regressions on all microstructure trading cost determinants for investment grade bonds. Both the LOT estimate and the percentage of zero returns remain positively and significantly related to the bid-ask spread when other variables are included.
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Similar results can be seen for speculative bonds, but only for the LOT model estimate. In particular, the proportion of zeros is insignificant without the control variables, but becomes significant after including them in the regression. The percentage of zero returns appears to suffer more from specification error bias than does the LOT measure. This is to be expected given that the LOT measure extracts more information than is provided by the percentage of zero returns.
Initial yield spread and liquidity tests
We now test the relation between the yield spread and the three liquidity estimates. To provide a consistent comparison we match the bid-ask spread sample to the available liquidity estimates. As shown in Panel C of Table 2 , for investment grade bonds all three liquidity estimates are positively and significantly associated with the underlying yield spread. The LOT measure and the bid-ask spread provide almost identical power in explaining the cross-sectional variation in the yield spread, with a reported R 2 of approximately 7.3%. The percentage of zero returns explains almost 6% of the cross-sectional variation in the yield spread.
For speculative bonds, only the bid-ask spread and the LOT measure are significantly associated with the underlying yield spread. The LOT measure explains 7.39% of the cross-sectional variation in the yield spread, while the bid-ask spread explains only 0.86% of the cross-sectional variation in the yield spread.
Liquidity Effects on Yield Spread Levels
Many theoretical models (e.g., Amihud and Mendelson, 1986 ) predict that investors demand higher expected returns for less liquid assets to compensate for the liquidity risk. This implies that, for the same cash flows in the future, less liquid assets will have lower prices. Because bond yield is a promised yield given known cash flows, the lower prices of less liquid bonds lead to higher bond yields and higher yield spreads, ceteris paribus. We test this theoretical prediction by investigating whether various liquidity proxies can explain yield spread levels.
Regression tests of liquidity estimates and other yield spread determinants
The following regression is specified with the yield spread as the dependent variable and the various yield spread determinants as independent variables: The subscript "it" refers to bond i and year t. Liquidity refers to the bid-ask spread, the proportion of zero returns, or the LOT estimate. The choice of yield spread determinants is largely based on Elton et al. (2001) and Campbell and Taksler (2003) . 10 We measure the incremental influence of the pretax coverage using the procedure outlined in Blume, Lim, and MacKinlay (1998). In addition, we include three macroeconomic variables associated with the yield spread. These are the one-year Treasury rate, the difference between the 10-year and 2-year Treasury rates that describes the slope of the yield curve, and the difference between the 30-day Eurodollar and 3-month Treasury bill rate that controls for other potential liquidity effects on corporate bonds relative to Treasury bonds.
We present two separate regressions for each liquidity estimate. The first uses only the bond-specific information yielding a larger sample, while the second incorporates the corporate and market information yielding a smaller sample. The sample for each liquidity measure differs due to the estimation limitations for each measure. The percentage of zero returns is the most comprehensive sample because it only requires the daily bond prices. As a practical matter,
The LOT sample comprises more off-the-run bonds than does the bid-ask spread sample, but the bid-ask spread sample comprises more on-the-run bonds than does the LOT sample.
The most telling finding is the consistent significance of the liquidity variable regardless of the specification used to define liquidity, regardless of the specification used for the yield spread determinants, or regardless of investment grade or speculative grade categories. All these liquidity measures are positively related to the yield spread in all scenarios, for both investment grade and speculative grade bonds, even after we control for extensive bond-specific, firm-specific, and macroeconomic variables. The liquidity coefficients are highly significant (at 1%) in every scenario, supporting our theoretical prior that liquidity is priced in the yield spreads.
The interpretation of the magnitude of the liquidity influence varies depending on the liquidity measure. For investment grade bonds, the LOT measure would predict an incremental 0.21 basis point increase in the yield spread for a one basis point increase in liquidity costs, while the bid-ask spread would predict an incremental 0.42 basis point increase in the yield spread for a one basis point increase in the bid-ask spread. The coefficient for bond rating is 20 basis points, regardless of the LOT measure or the bid-ask spread liquidity measure, which means that for each grade drop in bond rating (e.g., from BBB+ to BBB), the yield spread will increase by 20 basis points. The incremental effect of maturity on the yield spread is significant, but only one basis point.
For speculative grade bonds, focusing on the full accounting variable regressions, the LOT measure would predict an incremental 0.82 basis point increase in the yield spread for a one basis point increase in liquidity costs, while the bid-ask spread would predict an incremental 2.29 basis point increase in the yield spread for a one basis point increase in the bid-ask spread.
It may be noted that the maturity coefficient is generally positive for investment grade bonds and negative for speculative grade bonds. For investment grade bonds, longer maturities are often noted to be associated with increased yield spreads (Campbell and Taksler, 2003) , consistent with the positive sign for maturity. For speculative grade bonds, Helwege and Turner (1999) argue that better quality firms are able to issue bonds with longer maturity, causing a negative relation between the yield spread and maturity for these bonds.
At the bottom of Table 3 we report the regression of yield spread on each liquidity measure alone using the full sample whenever the measure is available. For each measure, we also regress the yield spread on bond rating alone for that sample as a comparison. For investment grade bonds, liquidity alone explains from 2.12%, for the bid-ask spread, to 7.57%, for the LOT estimate, of the cross-sectional variation in the yield spread. In comparison, for the same sample, bond rating alone explains 15.20% of the cross-sectional variation of yield spread for the LOT sample and 20.12% for the bid-ask spread sample. For speculative bonds, the bid-ask spread alone explains 7.49% of the yield spread variation while the LOT liquidity measure explains 21.83% of the yield spread variation.
Issuer fixed-effects regressions
We perform an issuer fixed-effects regression to control for issuer influences on yields because a small set of companies may dominate the bond market. Table 4 presents the results.
We observe the same, consistent result using either the bid-ask spread or the LOT liquidity estimate. Liquidity is positively and significantly associated with the yield spread regardless of bond grade, even after controlling for bond-specific, firm-specific, and macroeconomic variables.
The coefficients are highly significant at 1%. Note that the proportion of zero returns is significantly positive (at 1%) for both investment grade bonds and for speculative grade bonds when the accounting variables are not included, but is only significant at 10% when the firm-level variables are included. In other words, while all liquidity measures lead to the same conclusion, the case for the proportion of zero returns is slightly weaker, consistent with the notion that the proportion of zero returns is a relatively noisy measure of liquidity.
Simultaneous equation regressions
Every liquidity measure, whether based on observable bid-ask spreads or new estimable measures, could contain information about the credit quality of a bond, and thus could affect the yield through the credit-risk channel. This would make it difficult to interpret the main results purely in terms of liquidity costs. Much of the liquidity costs are due to adverse selection under asymmetric information. For a typical corporate bond, asymmetric information on its credit quality (rather than on interest rate) is the main reason for adverse selection costs.
Intuitively, one expects that bonds with lower credit quality should have a more severe adverse selection problem, ceteris paribus. So higher liquidity costs could mean a lower credit quality, which should lead to higher yield spreads. In addition, Campbell and Taksler (2003) note that bond ratings may be contemporaneously incorporating the observed firm-level accounting characteristics. Rating agencies may also absorb market information through the observed yield spread as well as macro-economic information when assigning a credit rating.
To control for the potential endogeneity problems arising from the contemporaneous measurement of the yield spread, liquidity costs, and the credit rating, we perform a simultaneous regression using three equations representing each of the potentially endogenous variables. The system of equations is stated as follows: The results are presented in Table 5 . As is shown, the potential endogeneity bias does not affect the relation between liquidity and the yield spread for either investment grade or speculative grade bonds. The LOT liquidity estimate and the bid-ask spread liquidity measure remain significant at the 1% level for investment grade bonds, and they remain significant at the 5% level for speculative grade bonds. The percentage of zero returns is significant at the 5% level for investment grade bonds, but is insignificant for speculative grade bonds. We conclude that liquidity is priced in yield spreads even after the potential endogeneity bias is controlled;
and that, again, the proportion of zero returns appears to be a less powerful liquidity measure.
Liquidity Effects on the Yield Spread Changes
We conduct regression tests to study whether issue-specific liquidity changes are a determinant of yield spread changes. This test offers a glimpse into how the dynamics of liquidity are incorporated into yield spread changes. Econometrically, differencing the time-series removes autocorrelative influences that may cause spurious results due to time-series trends.
Regression tests of changes in liquidity and yield spread determinants
We include a list of independent variables used in Collin-Dufresne et al. (2001) and Campbell and Taksler (2003) . Unlike the levels specification, we use the unscaled pretax coverage because of the differencing operation. In addition, unlike Collin-Dufresne et al., we directly control for the default probability by using the changes experienced each year in the credit ratings for each bond. We believe this is a better control than using the change in the forward jump rate in the option market. The regression is stated as: Table 6 .
As expected, a deterioration of bond quality (rating) is related to a significant increase in the yield spread. Similarly, a rise in interest rates leads to a reduction in the yield spread, especially for investment grade bonds (Duffee, 1998 , and Longstaff and Schwartz, 1995). However, even after controlling for this and other factors, changes in liquidity are highly associated with changes in the yield spread, especially for the bid-ask spread and the LOT estimate. This is the case for both investment grade and speculative grade bond categories.
Adding the macro-variables and firm-specific accounting variables increases the explanatory power, but not at the expense of the liquidity variable which remains significant. The conclusive result in Table 6 is the positive, significant coefficient for the liquidity change variable. Liquidity changes remain significantly associated with yield spread changes regardless of including bond-specific, firm-specific, or macro-level variables.
Economically, for investment grade bonds, a one basis point increase in LOT liquidity costs over time results in a 0.12 basis point increase in the yield spread, while a one basis point increase in the bid-ask spread over time results in a 0.29 basis point increase in the yield spread. The corresponding impact for speculative grade bonds are 0.61 basis points (LOT liquidity costs) and 2.46 basis points (bid-ask spread). Note that the coefficients for the liquidity variables are broadly consistent with those of Table 3 .
At the bottom of Table 6 we report the regression of the change in the yield spread on the change in each liquidity measure alone using the full sample whenever the measure is available. For each measure, we also regress the change in the yield spread on the change in bond rating alone for that sample as a comparison. For investment grade bonds, the changes in the percentage of zero returns and the LOT liquidity measure explain more than 2.0% of the cross-sectional variation in the change of yield spread. For speculative bonds, changes in the LOT liquidity measure alone explains 16.89% of changes in the yield spread, while changes in the percentage zeros alone explains 5.97% of changes in the yield spread. Changes in the bid-ask spread alone have a relatively lower explanatory power for both categories of bonds.
Simultaneous regression tests
To control for the potential endogeneity bias, we run a simultaneous system regression with the yield spread change and the change in each of the liquidity measure (respectively) as the endogenous variables. Unlike the levels test, we do not endogenize bond rating changes because changes in the credit rating are infrequent within the sample period, causing a limited dependent variable problem in the simultaneous system regression. Additionally, the equations for the bid-ask spread sample for speculative grade bonds were unidentified because of linear dependence between the macroeconomic variables. We therefore remove the Eurodollar variable to allow for system identification. Moreover, changes in maturity, age, and coupon are also excluded. The resulting simultaneous regression for yield spread changes is specified as:
The results, presented in Table 7 , can be summarized as follows. For the bid-ask spread or the LOT estimates, an increase of liquidity costs causes a significantly positive increase in yield spreads, for both the investment grade and the speculative grade bonds. For the proportion of zero returns, an increase of liquidity costs causes a significant increase in yield spreads for investment grade bonds, but not for speculative bonds. The results concerning the percentage of zero returns for the speculative grade bonds are consistent with the levels tests. On the whole, Table 7 indicates that our tests on changes in liquidity are robust to potential endogeneity bias.
Conclusions
We examine the association between corporate bond liquidity and yield spreads. To ensure robustness, we adopt two model-independent liquidity measures (the bid-ask spread and the proportion of zero returns) and a liquidity estimate from a model developed by Lesmond et al. (1999) . We provide additional robustness checks to ensure that our liquidity measures are intuitively consistent and empirically sound.
We find that liquidity is a key determinant in yield spreads. This is found both in yield spread levels and changes over time. Liquidity is priced in yield spreads regardless of controlling for issuer fixed effects, potential simultaneity bias between credit ratings, liquidity, and yield spreads, or the commonly used yield spread determinants adopted by Campbell and Taksler Our study adds to the literature in the following sense. Many prior studies simply assume that liquidity is a second order effect, or totally neglect its impact given the difficulties in estimating liquidity costs. The observation that bond yields exhibit significant liquidity effects alters our view of bond pricing and risk estimation. It mitigates the concern that the yield spread 
Appendix A: The Return Generating Function
The bond price, B t , by definition, is:
where T is the maturity, k+1 is the number of coupon payments remaining, C is the half-year coupon payment rate, A is the face value of debt, and r is the yield to maturity for k+1 coupon payments remaining. We assume that r t follows some unspecified stochastic process. By Ito's lemma we have:
where Λ t is the square of the diffusion coefficients of r t process. If r t is a multivariate process, then Λ t should also include the covariance terms. Therefore, from Equation (A1):
where D t is the bond's duration. We can rewrite Equation (A2) as:
Barring arbitrage, there exists some state price density process, Λ t , such that:
In equilibrium, the risky bond return should satisfy:
where cov t (dP t /P t , dΛ t /Λ t ) is the instantaneous conditional covariance, and r t = −µ Λ,t /Λ t is the risk-free rate. We obtain the second equality above by using Equation (A3). Following the discrete time empirical literature, we further assume that the state price density is a linear function of both market equity return and long-term risk free bond return (e.g., Scruggs, 1998).
This implies that:
where, γ i , i = 1, 2 is the price of risk associated with the respective state variable, dB l,t /B l,t is long-term bond return, and dM t /M t is market equity return. In the empirical implementation, we will make the two adjustments. First, we only measure the proportional daily price change in dB t /B t and we will not consider daily accrued interest. The last condition means we will consider only clean prices. In summary, bond price changes will only be driven by long-term risk free bond returns and equity returns. We also assume the conditional covariances are constant.
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This leads to the following specification for equation (1) in the text:
where R j,t is the daily return for bond j that investors would bid given zero transaction costs, Duration j,t is the bond's duration, and ∆S&P Index t is daily S&P equity return. Duration j,t × ∆R l,t is the proportional bond return of a long-term risk free bond adjusted by the duration of the risky bond. The scaling of the market sensitivities by duration is consistent with Jarrow (1978).
11 This can be justified for two reasons. First, for each bond we split daily bond prices into separate years and estimate beta coefficients within the year. The coefficients can thus be treated as conditionally constant. Second, we assume that changes in duration for each bond within the year will capture some of the variation in beta coefficients. Table 2 Liquidity Measure Tests
Panel A reports coefficients on the risk free rate factor, β T −Bond , and the equity market return factor, β Equity , from, respectively, a nave OLS model and the modified Lesmond et al. (1999) model (LOT). The interest rate factor is expected to be negative for all bonds while the equity factor can be either positive or negative for investment grade bonds but positive for speculative grade bonds. N is the sample size for each bond rating. %Zeros is the percentage of zero returns for a given year adjusted for missing prices. LOT is the liquidity estimate from the Lesmond et al. (1999) model. Panel B reports the regression of the bid-ask spread on the other two liquidity measures, the percentage of zero returns, and the LOT estimate, and control for other liquidity determinants. Age and maturity are in years referenced from the year the bond was issued or its maturity date relative to the year being analyzed. The amount outstanding is the dollar amount of the bond that has not been redeemed and is log scaled. The bond volatility is log scaled. The bond ratings are numbered from one to 10 for investment grade bonds (S&P ratings, AAA to BBB-) and from one to 12 for speculative grade bonds (S&P ratings, BB+ to D). Panel C reports an OLS regression of the yield spread on each liquidity measure for a matched sample using the bid-ask as a basis. White's (1980) t-statistics are in parentheses. An * denotes significance at the 1% level, while a † denotes significance at the 5% level. Table 3 Yield Spread Determinants and Liquidity Tests
Panel A: LOT Model and the Naive Model Coefficient Estimates
The yield spread determinants are based on bond-specific effects (bond rating, amount outstanding, and maturity in years), macroeconomic variables (One-year Treasury note rate (T-Note), the difference between the 10-year and 2-year Treasury rates (Term Slope), and the 30-day Eurodollar rate minus the 3-month T-Bill Rate (Eurodollar)), and firm-specific operating characteristics (pre-tax interest coverage, operating income to sales, long-term debt to assets, and total debt to capitalization). The pretax interest coverage is further grouped into one of four categories according to Blume et al. (1998) . σ E is the equity volatility for each issuer. Investment grade bonds are numbered from one (AAA rated bonds) to 10 (BBB-rated bonds) Speculative grade bonds are numbered from one (BB+ rated bonds) to 12 (D rated bonds). The liquidity cost estimates are based on the modified LOT model, the percent zero returns, and the bid-ask spread. White's (1980) t-statistics are presented in parentheses. The last partition is a univariate regression of the yield spread on either liquidity or credit rating alone using only the bond-specific sample for each liquidity measure. An * or a † signifies significance at the 1% or 5% level, respectively. Table 4 Fixed Effects: Yield Spread Determinant Tests
The yield spread determinants are based on bond-specific effects (bond rating, amount outstanding, and maturity in years), macroeconomic variables (one-year Treasury note rate (T-note), the difference between the 10-year and 2-year Treasury rates (Term Slope), and the 30-day Eurodollar rate minus the 3-month T-Bill Rate (Eurodollar)), and firm-specific operating characteristics (pre-tax interest coverage, operating income to sale, long-term debt to assets, and total debt to capitalization). The pretax interest coverage is further grouped into one of four categories according to Blume et al. (1998) . σ E is the equity volatility for each issuer. Investment grade bonds are numbered from one (AAA rated bonds) to 10 (BBB-rated bonds) Speculative grade bonds are numbered from one (BB+ rated bonds) to 12 (D rated bonds). The liquidity cost proxies include the LOT estimate, the percentage of zero returns, and the bid-ask spread. The issuer is the fixed effect. The issuer fixed effects test is reported by the F-test. An * or a † signifies significance at the 1% or 5% level, respectively. Table 5 Simultaneous Regressions
Simultaneous regressions are presented using three liquidity measures, the LOT estimate, the percentage of zero returns, and the bid-ask spread. The liquidity instrumental variables are the bond return volatility, the amount outstanding, the age and maturity in years, and bond rating. σ B and σ E , refer to bond volatility and equity volatility, respectively. The amount outstanding and bond volatility are log scaled. The instrumental variables of the yield spread include bond-specific effects (bond rating, amount outstanding, and maturity in years), macroeconomic variables (one-year T-note rate, the difference between the 10-year and two-year Treasury rates, and the 30-day Eurodollar rate over 3-month T-bill rate), and firm-specific accounting variables (pre-tax interest coverage, operating income to sales, long-term debt to assets, and total debt to capitalization), and equity market effects (equity volatility). The instrumental variables of bond rating are the bond age and firm-specific accounting variables. An * denotes 1% significance while a † denotes 5% significance. Table 6 Yield Spread Change Determinants and Liquidity Tests
Investment
The yield spread change determinants are based on bond-specific effects, macroeconomic effects, and firm-specific operating characteristics. Annual changes in all variables are examined for the 1995-2003 period. The liquidity cost proxies include the LOT estimate, the percentage of zero returns, and the bid-ask spread. We use a cardinal scale for all bonds, regardless of whether they are investment grade or speculative grade bonds, ranging from one for AAA bonds to 22 for D rated bonds. The firm-specific operating characteristics are pre-tax interest coverage, operating income to sales, long-term debt to assets, and total debt to capitalization. σ E is equity volatility. T-Note Rate is the one-year Treasury rate. Term-Slope is the difference between the 10 year and 2-year Treasury rates. Eurodollar refers to the difference between the 30-day Eurodollar rate and the 3-month T-Bill rate. The last partition is a univariate regression of the yield spread on either liquidity or credit rating alone using only the available bond-specific sample for each liquidity measure. White's (1980) t-statistics are presented in parentheses. An * denotes 1% significance while a † denotes 5% significance. Table 7 Simultaneous Regressions: Yield Spread Changes
Simultaneous regressions are presented using three liquidity measures: the LOT estimate, the percentage of zero returns, and the bid-ask spread. The liquidity instrumental variables are the bond return volatility and bond rating. σ B and σ E , refer to bond volatility and equity volatility, respectively. The instrumental variables of the yield spread are bond rating, macroeconomic variables (one-year Treasury note rate, the difference between the 10-year and two-year Treasury rates, and the 30-day Eurodollar rate over the 3-month T-bill rate), firm-specific accounting variables (pre-tax interest coverage, operating income to sales, long-term debt to assets, and total debt to capitalization), and equity market effects (equity volatility). An * denotes 1% significance while a † denotes 5% significance. 
